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The goal of the project was to build and commercialize a remote queuing system to reduce 
customers’ queuing time at the service point. The product will allow customers to track 
their queue numbers without being physically present at the service point. The application 
was designed to be a web application so that there would be no platform limitation. Cus-
tomers are able to use any internet accessible devices to monitor their queue numbers. 
Additionally, the service providers can benefit from offering a better service to their cus-
tomers. 
 
The project consisted of two development parts, a technical part and a business develop-
ment part. For the technical part, the project used a websocket protocol to achieve real-
time communication. The main programming languages used were PHP, Javascript and 
HTML5. For the business part, the Lean start-up method was used in this project. In addi-
tion, the business model also contained B2B and B2C.  
 
The web application both on the server side and client side work properly. The business 
negotiations already have started with the ticket machine providers and several telecom-
munication operators. Moreover, the project joined the Business Model Competition in Fin-
land where it was awarded the second prize, and in JA Start-up competition it won the first 
prize. 
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1 Introduction 
 
In 2015, there will be 3.6 billion mobile phone users all over the world. Three billon 
people are using the internet and 80 percent of internet users are using their phone to 
access the internet [1]. The relationship between the Internet and mobile devices are 
closer, more and more practical applications come. Until summer 2014, 75 billion appli-
cations had been downloaded, out of which 10 percent are business applications [2]. 
People are accustomed to using mobile devices to deal with real-life issues, such as 
goods trackers or remote controllers. Moreover, due to the limitation of space, and high 
cost of labour, more and more companies prefer to offer online services to gain more 
satisfied customers and solve time management problems. 
  
The idea of current queuing systems is to provide fairness to queuing customers by 
having one queue only, and attending customers on the first-come-first-served basis. 
However, with an increased number of customers and an insufficient number of service 
points, this system does not provide satisfactory services to customers. A growing 
number of customers expect something different, which could solve waiting time prob-
lems. This project will help service points improve their service without big extra costs. 
The aim of this project is help service points to cut their customers’ waiting time. Fur-
thermore, this project also aims to improve customer satisfaction. The project is mainly 
built based on the current queuing system by improving some crucial features.  
 
The proposition of the remote queuing system is to allow customers to do multi-tasking 
at the same time. The product that is developed in this project will give customers more 
freedom, and moreover, drive the business around service point developing. Custom-
ers do not need to physically wait in the specified service point anymore, instead they 
can leave the service point temporarily without need to worry about missing their turns. 
Customers are able to check the queuing number situation virtually and do other tasks 
at the same time. For example, they can have a cup of coffee and at the same time 
monitor the queuing number virtually. The remote queuing system permits customers 
to visit the business surrounding the service point and therefore bringing more oppor-
tunities to business. 
 
The goal of this part of the project was to design and implement a web application of a 
remote online queuing system. The web application provides an online queuing system 
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for customers so that customers can easily check the queuing numbers by monitoring 
their mobile devices instead of being physically present at the service point. Because 
the project will be a web application, it does not require customers’ own smartphones. 
Elderly customers who do not have smartphones are also able to track their queuing 
number anytime. On the other hand, service providers will deliver better service due to 
fewer customers waiting at the service point. They can also get more satisfied custom-
ers, which is a business advantage against their competitors.  
 
This project has been developed by a group of students, and it is still further developing 
[3]. The students of this group come from different departments and have different pro-
fessional backgrounds. The division of the tasks was made clear, however ensuring a 
smooth collaboration. This project has already proved its business potential by being 
awarded the second prize in the Business Model Competition in Finland. After the   
Business Model Competition, the team gained useful feedback and improved the pro-
ject. Finally, this project was awarded prize of JA startup and won 15000 euros. This 
was a milestone for the project, which pushed forward the remote queuing system to  
hit the real business. 
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2 Theoretical background 
 
2.1 Introduction to communication protocols  
 
When two strangers meet at first, they introduce themselves, and exchange some per-
sonal information, for example name, age, and occupation. Computers also have this 
kind of rules when connecting with each other via a network, called communication 
protocols. The protocol includes for example a communication package, establishment 
of the communication, and network error detection. 
 
Communication protocols operate on different levels of complexity. The basic protocols 
are responsible for the simplest functionalities, such as establishing connections. For 
the more complex protocols, they provide more features such as reliability for the net-
work. 
 
Different communication protocols have different features and unique functionalities. 
The main common communication protocols are TCP/IP, UDP, HTTP, Ethernet, FTP, 
SMTP etc [4]. The following paragraphs will give an introduction to the protocols used 
in this project. 
 
2.1.1 Transmission Control Protocol/ Internet Protocol 
 
The TCP/IP standard for Transmission Control Protocol/ Internet Protocol is the basic 
internet protocol. It defines the protocol for electronic devices that establish a connec-
tion to the internet and communication rules between them. TCP is responsible for di-
viding data into  small packages before they can be sent over a network. When the 
packets arrive, TCP will assemble the packets. In addition, communication with TCP 
will guarantee the data delivery to the destination address. When transmission comes 
across a problem, it will send a signal to the original sender and the sender will send a 
new data packet until then target receives the packet. IP will give different addresses to 
each computer on the internet so that they can be uniquely identified [5]. 
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2.1.2 User Datagram Protocol 
 
The User Datagram Protocol (UDP) works on the IP network layer protocol. The UDP 
is an alternative to TCP. However, compared with TCP, this is a connectionless proto-
col. UDP cannot guarantee data delivery and duplication. The UDP is suitable for ap-
plications that require effective data transmission instead of reliability [6]. For example, 
UDP has good performance on games and some application that have a slight data 
transmission.  
 
2.1.3 Hypertext Transfer Protocol 
 
The Hypertext Transfer Protocol is an application layer protocol. HTTP is used for 
transferring data such as text, graphic images, sound, video and other multimedia files 
on the World Wide Web. When users open a webpage, it will automatically use the 
HTTP. The HTTP can establish a connection with servers and push the HTML page to 
the user’s browser. In addition, it is responsible for downloading files from servers to 
browsers or to any other applications that use HTTP[7]. 
 
2.1.4 File Transfer Protocol 
 
The FTP is a standard for File Transfer Protocol based on TCP/IP. FTP is a protocol 
doing actions with files such as file access, file transfer and file management between 
computers and the internet. FTP is also a reliable protocol. It has automatic error de-
tection and correction in data transfer. The possibility to connect all devices to each 
other, and share information between them in real time enables fluent use applications 
across platforms [8]. 
 
2.2 Introduction to web real-time communications technology 
 
Nowadays, nearly everybody has communication devices such as mobiles, computers 
or tablets. The possibility to connect all devices to each other, and share information 
between them in real time enables fluent use applications across platforms. The real-
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time communication technology has become ubiquitous. The most common application 
is the online chatting application, where people type texts in the online application and 
it will automatically share it with others. However, the reliability and speed of real-time 
communication also depends on the quality of the network [8]. Nevertheless, 3G and 
Long-Term Evolution have been able to contribute to a reliable and cost-effective solu-
tion in many places. Real-time communication is also limited by the number of base 
stations and quality of signals [9].   
 
2.2.1 Polling  
 Polling is a way for data transfer and exchange between servers and client-side in the 
network field. During the data transfer period, the server will send broadcast require-
ments to all client-sides in the network at constant continuous intervals. When the tar-
get client-side receives a signal, it will establish a connection and send the data back. 
By using this way, servers and all client-side devices in the network will share data in 
real-time. However, polling is not an effective way to achieve realtime communication, 
especially when there is no new data need to transfer and exchange in the network. 
The server will still send requirements to client-sides continuously but at this moment 
the client-sides will not have data to share. It will cost unnecessary bandwidth con-
sumption [10].  In addition, by sending the requirements and getting the responses will 
sometimes cost so that data transfer is not really in realtime. 
 
2.2.2 HTTP long polling 
HTTP long polling is also a way to build real-time interactivity. Client-sides push the 
requirements of new data to servers. The server will keep the requesting open until the 
new information is ready. Once the information is ready for the client-side, servers will 
send information to client-sides. When the client-side receives data, it will send another 
requirement to the server immediately. This operation will be repeated until the connec-
tion between the server and client-side is finished. A diagram of this operation is shown 
below in figure 1. 
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Figure1. HTTP Long polling [11] 
 
Client-sides start polling and sending requests to the server, which is different from 
polling. By using this, server does not need to send requirements at constant intervals. 
Servers only need to wait for the new data and send it back. It will save bandwidth and 
reduce information jams [11]. For this reason, polling is more suitable for a small appli-
cation, which does not need to transfer and exchange a large amounts data. For the 
HTTP long polling works better for larger applications. 
2.2.3 AJAX  
Asynchronous Javascript and XML is not a real-time technology itself. AJAX combines 
several technologies together. It includes: HTML, XML, XSLT but most important is 
XMLHTTP request object. This new technology was developed by Jesse James Garret 
in 2005.  
 
When an application uses the AJAX model, it will make a fast update and reload pages 
without a need to refresh the entire web page. In AJAX, the real-time refreshing on the 
browser will only update the data changed on the server. The remaining part of the 
data on the web page will not be refreshed and changed. Figure 2 and figure 3 diagram 
shows the differences between AJAX and normal real-time technology. 
 
Figure 2. Normal real-time technology 
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Figure 3. AJAX technology [15] 
 
In AJAX, servers exchange data in realtime with clients by using stream loops. Be-
cause of these features, it also consumes bandwidth and memory usage very rapidly 
[12]. Besides that, AJAX also needs that the client-side sends the initial request first 
and then the server will give the response. If the client does not require first, the server 
and client-side cannot be synchronous [13].  
2.2.4 Websocket protocol 
 
The websocket is the latest web technology that can establish a duplex real-time com-
munication between a server and client-sides. It means a great improvement of real-
time web application technology, because polling and sending requirements always 
cause problems such as consume bandwidth, costs large memory usage and real-time 
delay. The websocket can avoid nearly all problems mentioned above caused by other 
methods. So this project has chosen websocket as the communication technology. 
 
The client-side establishes a connection with the server by shaking hands. Both the 
server and client-side will listen to each other’s updates and refresh. There is no need 
to shake hands every time. Once the action of the handshake is done, servers and 
client-sides can exchange data and share information until communication finishes. 
Because this is the duplex communication method, it will effectively avoid information 
delay. [14] There is no need for the server to wait the signal from the client-side and 
give feedback. On the other hand, it is also unnecessary for the client-side to wait for 
the result, signal or requirements from the server side and give the reply. Both the 
server and client-side can send information and new updates to each other any time 
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[15]. The following paragraph will give several examples to explain the advantages of 
websocket.  
 
 
Figure 4. Websocket protocol 
 
The stock application is a typical real-time web application. The data in this application 
are updated at small constant intervals. This application requires that the data updates 
show on the client browser accurately and in real time. This example application by 
using polling and websocket will illustrate the advantages and disadvantages. Network 
throughput is a measurement to see how much bandwidth is used by this application. 
In the experiment, three different numbers of clients were used to test the throughput of 
polling and websocket methods. For HTTP polling part, when there are 1000 clients 
using the application the throughout is 6.6 Mbps. When the number of clients increases 
into 10000 and 100000 clients. The throughput becomes 66 Mbps and 665 Mbps. 
However, when the application was using the websocket protocol, the throughput de-
creased rapidly. The experiment was still using three different numbers of clients that 
were the same as in the polling experiment. The numbers of throughput are 0.015 
Mbps, 0.153 Mbps and 1.526 Mbps. According to the throughput data, it is easy to fig-
ure out that the websocket is extremely efficient in saving bandwidth [13]. Besides that, 
according to the study, consumption of the bandwidth of AJAX was twice that of the 
websocket in the same condition [17].  
 
 
In addition, the amount of delay time is also a benchmark in the real-time application. 
Websocket also has very good performance in this respect. If an application takes 50 
milliseconds to send data from the server to the client-side, polling has to take another 
50 ms to send the requesting from the server to the client-side.  
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Figure 5. Comparison polling and the websocket protocol [13] 
 
However, the websocket does not need to take those extra 50 ms to send data from 
the server to the client-side. Once the handshake between the server and the client-
side is done, the connection will be established and existing until communication is 
finished [13]. 
 
2.3 Overview of business model 
Business as an organization contains value propositions, target customer segments, 
distribution channels, customer relationships, value configurations, core capabilities, a 
partner network, cost structure and a revenue model. From the business model, a 
company develops the strategy for marketing and business goals. The creation of  a 
business model will make companies especially start-ups more aware of the problems 
and advantages of business ideas in each segments of business development [18]. 
2.3.1 Lean start-up 
There is always an adventure when a new enterprise is launched, whether a traditional 
production company or a high-technology start up. According to the research by Har-
vard Business School’s Shikhar Ghosh, 75% of all started enterprises fail. Before the 
products have been tested on the market, it is hard to predict their success. [19]. How-
ever the entrepreneurs are always biased towards themselves and tend to believe that 
their products are best all over the world. Without market testing, this is quite a weak 
proposition.  
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However, Eric Rise created an effective way to avoid this problem, called the lean start-
up method. It introduces testing customers and marketing before products are made 
[20]. The idea of lean start-up is shown in figure 6.
 
Figure 6. Lean start-up processing [17] 
 
Instead of making products directly, a start-up company can build models of products. 
A model can be a picture on the paper, a model made of plastic or even Lego bricks. 
There is no need to put all the functionalities into the model, not only a simple appear-
ance is enough. After that, the entrepreneur goes out of the office to test the model of 
the products. This is a very important point in the lean start-up called “get out of the 
building”, which means showing the model to some potential customers and asking 
advices and feedback from them. It is also possible to ask some questions like “Would 
you like to buy this product in the future?” or ”If you want to buy this product, how much 
would you like to pay for it? ”. This process enables the starting business to validate 
whether the idea would have potential and enough customers in the future. If a start-up 
sets mostly positive answers, it can improve the product according to customers’ feed-
back.  Repeating this process several times will make the most suitable products for 
the market [21].  
 
2.3.2 Business-to-business 
 
If the company focuses on selling its service or products to another company or busi-
ness, it is using the business-to-business model. Business-to-business has benefits 
from the raw materials transfer to the final product. This model of subcontracting is 
widely used in automobile manufacturing. Nowadays it is also used in e-commerce. 
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There are mainly two different parts in e-commerce, company websites and product 
supply [22]. Company websites can offer service or information as their products.  
2.3.3 Business-to-Customers 
 
Business-to-customers is a type of commerce mostly based on supplying products and 
services to customers. For example, people going to a supermarket for shopping is an 
example of the typical traditional business-to-customer model. In addition, when the 
Internet rapidly grew in the 1990s, hundreds of thousands of domain names were reg-
istered. Online shopping plays a very important role in the market and it is accepted by 
more and more people [23]. This is an innovative way of using the business-to-
customer model. 
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2.4 Overview of the queuing system 
 
As the world population increases, more and more buildings, cars, and congestion 
problems will appear. Due to the large numbers of customers, public places will be-
come crowded and chaotic.  
 
In the middle ages, instead of shops every town had markets. If people wanted to buy 
or sell something they would go to the market. Due to the increase of the number of 
population and technological development and industrialization, permanent shops be-
came more common. When the shops become larger, the shop owner would not deal 
with all the business at the same time but had to let customers make a linear queue 
and to provide service to them according to the queue [23]. 
 
However currently, the traditional linear queuing way cannot solve the queuing prob-
lems effectively due to the larger number of customers. Therefore, service providers 
have created an electronic queuing system. The working process is shown in figure 7. 
 
 
Figure 7. Current queuing system [24] 
 
This innovation of a queuing system has several new features compared with the tradi-
tional linear queuing method where customers go to a service point, they need to go to 
the service desk and stand in front of the service desk directly. Instead of that, in the 
new system there is a machine always place in the doorway of service points or offices. 
There will be some buttons on the machine showing services offered at the service 
point. Customers can press the corresponding buttons for what kind of service they 
want. After that there will be a receipt coming out from the machine. This receipt shows 
the name of the service that the customer selected and the queue number of the cus-
tomer. This receipt is also a proof to prove they are in the queue when their turn comes. 
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After getting the queue number from the queuing machine, customers can stay at the 
service point and they will not need to stay in the line all the time. They can try some 
new devices or do some purchases in shop. However, they have to stay at the service 
point and check the current number shown on the screen. When the current number is 
the same as the number they have on the receipt, it means it is time to do the service 
for this customer. At that moment, the customer can go to the counter and get some 
service from the service point staff. 
 
Both of two queuing ways are still used now due to their different benefits. The linear 
queuing method is suitable for situations where the number of customers does not sig-
nificantly exceed the capacity of the service staff, and crowds are less frequent. The 
electronic queuing system has more features compared with the normal linear queuing 
method. This way is mostly used for service points, which cannot control customers’ 
serving time. Customers do not need to stand in front of counters until their turns. This 
way helps the service point manage customers so that the service point does not be-
come too crowed and disorderly. However sometimes the serving time for each cus-
tomer is not fixed, customers do not know how long they have to wait. Especially for a 
service point where there is a large number of waiting customers, the electronic queu-
ing system cannot fully solve the queuing problem. Customers have to stay at the ser-
vice point until their turn. The reason is that they go somewhere to do something else 
and go back to the service point, they will risk missing their turns. That means they 
have to take the queue number again and queue again. The reason is they cannot 
know the current queue number without checking the screens at the service point. If 
this problem is solved, there will be more satisfied custofmers. On the other hand, the 
staff working at the service point will be more relaxed and have less pressure to face 
impatient customers.  
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3 Design and implementation 
 
3.1 Introduction to the remote queuing system 
 
The remote queuing system was designed for reducing customers’ queuing time. This 
queuing system is based on the existing electronic queuing system where some fea-
tures have been added. The remote queuing system helps customers multitasking 
while they are waiting at the service points. By using the remote queuing system cus-
tomers do not need to physically wait at the service point. This feature can improve 
customer satisfaction. Besides that, the staff will work more effectively and provide bet-
ter service for each customer. In this application, customers are able to use their phone 
access to the web application so that they can check the current number that is shown 
on service point screens. Because the application was implemented as a web site, 
there is no platform or phone type limitation. Any phones which can access the internet 
are able to use this web application.  
 
3.2 Implementation and design of remote queuing system 
 
The remote queuing system is an improvement to the current queuing system. As peo-
ple know the current electronic queuing system, customers should first take the queue 
number when they visit the service point. In this project, after a person has taken the 
queue number, there will be a QR code on the backside of the queue number receipt. 
The customer can use a phone to scan the QR code, which will lead him or her to the 
web application that is designed for the client-side. This web application will show the 
current number on the particular service point screen. Customers will know how many 
people are waiting before them and estimate the waiting time by themselves by check-
ing the mobile.  
 
To achieve this goal, the project design was separated into three parts: a lower com-
puter connection part, server application part and client-side web application part, 
which all cooperate with each other. First, the lower computer that is usually the service 
point staff’s computer should connect with the internet and the server. When the next 
customer comes, the staff can refresh the current number on the server by clicking the 
software button on their own computers. The server always pushes the new current 
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number to each lower computer to make sure that all computers at the service point will 
have the same current number.  
 
 
 
 
 
 
 
 
 
Figure 8.The remote queuing system architecture 
 
The communication between servers and lower computers is duplex communication. At 
the same time, after customers scan the QR code, a connection between the custom-
ers’ devices and servers will be established. This connection uses the websocket pro-
tocol. When the current queue number refreshes on the server, it will be automatically 
pushed to customers’ devices. That means the customers can check the current num-
ber anytime without refreshing their phones. 
 
3.2.1 Design of data packages 
 
In this project, the lower computer will send data to the server in order to update the 
server in real time. However, the data must be in a package format that contains details 
about the transmission according to the protocol requirements.  
 
In this project, the data package has been design as table 1 shows. 
 
So
cke
t co
nn
ect
ion
 Websocket 
connection 
Servers 
Lower computers Client-sides 
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Table 1. Data package  
Header Length Name ID Data 1 Data 2 Data 3 CRC 
oxFB 1 Byte 30 Byte 1 Byte 2 Byte 2 Byte 2 Byte 2 Byte 
 
The package contains the header, length, name, ID, data 1, data 2, data 3 and CRC 
parts. Each of them plays different roles in the package. The header is working to in-
form the server side that this is relevant information. Because there will be several dif-
ferent service points, each service point has a name and a corresponding current num-
ber. So the name part in this package is going to represent the name of the service 
points. The name has to be designed to act as a unique ID for the package. Therefore, 
each service point has a unique ID, which is like an address of the particular part on 
the server. The lower computer is like a postman. After reading the ID it will know 
where to send the package.  
 
In this project, three data spaces have been reserved. All the data parts could be used 
to send the current number and update the data on the servers. In the project, only one 
data part was used to send the current number. The other two parts are the backups of 
the data. The two backup data parts could have different functions in the future. For 
example, when there is enough customer data accumulated in the database the esti-
mated waiting time could be calculated. The backup data part can be used to send the 
estimated waiting time. This design gives the application enough space for further up-
dates and improvements. 
  
3.2.2 Implementation of lower computers connection 
 
The lower computers connect with servers by using a socket protocol. In this project,  
the server opens a port (10005) waiting for the data to send from the lower computer 
via this port, so that the server will receive real-time updating from lower computers. 
However this number of the port is not fixed.  
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There are mainly two parts of this function. First the lower computer makes a socket 
connection with the server via the particular port. 
 
Listing 1. Socket connection. 
 
The code of the socket connection is shown in listing 1. There were three parts to test 
whether the connection was successful  and make sure that the connection was estab-
lished. In the project, the 10005 port has been opened as the receiving data port. $sock 
= socket_create(AF_INET, SOCK_STREAM, SOL_TCP) function will create a socket 
connection and return a socket resource. There are three parameters in the function, 
namely domain, type and protocol. The domain parameter presents the type of the pro-
tocol family used in this function. AF_INET, AF_INT6 and AF_UNIX are suitable for 
being a parameter in this function. The project uses AF_INET as the parameter, which 
is an IPv4 based protocol. TCP and UDP also belong to this protocol family.  
 
The type parameter shows the type of communication ways. It is a significant part in 
this project. The available parameter options are listed in table 2.  
 
Table 2. Function parameters 
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In table 2 the options can be compared, and SOCK_STREAM is the most suitable for 
this project situation. It provides orderable, stable full-duplex data transmission. The 
protocol is the specified domain name used in the function. This project use SOL_TCP, 
which means the desired protocol is TCP or UDP [24].  
 
The function of socket_create will return the source of the socket, and it will present the 
status of the socket creation. If the creation fails, “echo "socket_create() 
failed :reason:" . socket_strerror(socket_last_error()) . "\n";” will be executed. It will print 
the reason for the failure. 
 
The second step binds the socket with the name socke_bind() function that can bind 
the target address with the socket. This function should be done before a connection is 
established. It is used in the project in the following manner: socket_bind($sock, $ad-
dress, $port). In the socket creation part, variable “sock” has been created and carries 
on the information of the socket. In this function, “sock” has been used as the parame-
ter. In addition, the variable address given as ” $address = '127.0.0.1'” and “$port 
=10005”. The function binds the socket to port 10005 with address “127.0.0.1” [25]. 
After creating a socket and binding it with a name, the port is ready to listen to the in-
coming data. Socket listening function has been used like socket_listen($sock, 5), 
number 5 means that the maximum backlog can be made in the connection [26]. 
Listing 2. Socket implementation. 
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Listing 2 shows the connection and data communication parts. Function sock-
et_accept($sock) will accept the socket connection and get the source from the con-
nection. After getting the information successfully, the server will send the successful 
signal via $msg = "server send:welcome". Function $buf = socket_read($msgsock, 
8192) reads the information in the socket and assigns it to variable $buf. Parameter 
8192 in the function means reading the length of the information. After this step, the 
data is stored in the buffer and it is time to push the buffer to database by using $data 
= array (‘code’=>$val val[0], 'data1'=>$val[2], 'data2'=>$val[3], 'data3'=>$val[4]); 
 
3.2.3 Implementation of service point management application 
 
The service point management application is used by the administrator to create ac-
counts, and monitor and manage the queuing states at each service point. 
 
Figure 9. Communication with database 
 
As figure 9 shows, the administrator should use server queuing management to create 
a service point name, ID and corresponding QR code. After that, it will push them into 
database so that the lower computer will find the data target when they send the data 
to server. For this reason, the administrator should use the service point management 
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application to create an account for the service point on the lower computer at the ser-
vice point that is sending the data. 
 
There are mainly three functions at the service point management application: the cre-
ate account for service points, delete the service point account and edit the service 
account. A service point account contains the service point name, the unique ID, and a 
QR code. It is also possible to check the queuing status of the service point in this sys-
tem.  
 
Listing 3. Service point login page 
 
Because of the security protection, the administrators always need to log to the service 
point management system with valid credentials. Listing 3 shows the code of the login 
page. Each username will be led into a different service point management main page. 
Each username corresponds with a different database so that different administrators 
manage their own systems. The statement $rs['password']!=md5($_POST['pass']) 
compares the password input by clients with the passwords in the database. If the 
password is correct, it will go to the main page. Otherwise, the alert 'username or 
password is wrong' comes. 
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Figure 10. The working processing of the main page of the service point management 
system 
 
The processing of the service management system main page is displayed figure 10. 
On the main page function logout() will lead the user to log out of this page. The state-
ment <a href="#" onclick="a('orderlist.php')">Edit Device</a> use to checking the de-
vice list. After click the ‘Edit device’,the page will come to the devices list page. The 
code of the device list page is shown in listing 3.   
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Figure 11. The working processing of devices list of the service point management sys-
tem 
 
Figure 11 presents the orking processing of devices list of the service point manage-
ment system. The function del(obj) is used for deleting service point accounts. The 
statement  <table class="m-table m-table-row"> shows each item (name, ID, QR code, 
data1, data2, data3) on the table. Every time, the page loads the list of devices at the 
service points by accessing the database and reading the data from database. The 
function for each ($rs as $key => $val) reads the service points items from the data-
base in order to ensure that the latest data is displayed. Administrators are able to edit 
device names and data in the account according to the package rules corresponding to 
the data package sent from lower computers. The QR code is not available for editing. 
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Each device has a different unique QR code, which the end customer can scan and the 
QR code will lead the customer to the client-side web application. 
 
 
Figure 12. The working processing of creating a new account of the service point man-
agement system 
 
When an administrator creates a new account, he is directed to add a new device page, 
as in figure 12. Listing 3 shows the code of adding a new device page. The tag 
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</div><form action="" method="post"><div class="form-item"> is used to ask the detail 
s of the devices, name of devices and ID of devices. All the device data will be put into 
the data base by users by clicking the ‘submit’ button. The tag code <button 
type="submit" target-form="form-horizontal" class="btn ajax-post_custom submit-
btn">Submit</button> shows how the submit button works. 
 
3.2.4 Client-side real-time web application 
 
In this project, there is a web application for customers to check the real-time current 
number. To make sure the data is updated in realtime, this web application is using the 
websocket protocol. For this reason, customers do not need to refresh the website 
when they want to check the real-time current queue number. The website will do the 
real-time updating automatically. This websocket listening application will run on the 
server once it receives the new current number from the server-side, and it will push 
data to the client side automatically  
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Figure 13. Working processing of the websocket protocol 
 
Figure 13 shows the processing flow of the websocket construction and handshakes on 
the server side. The first websocket should be constructed by a construct function in 
the code. It mainly constructs the log part of the websocket and binds the websocket to 
the particular address and port. If the construction of the websocket fails, it will come 
into the error report parts, finding out the problem and printing it. After constructing the 
websocket, it is time to shake hands with the browser and prepare for establishing a 
connection. In order to ensure security, the key in the handshaking function will be en-
crypted with the based64_encode() statement that is used to encode the key, so that it 
is not in readable letters. 
 
If the server shakes hands with the browser successfully, the connection will be estab-
lished. The data can be sent in real-time from the server-side to the client-side. How-
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ever the data will not be sent in readable type. All data is sent  encoded by hexdec() 
function, the return value of this function is the number type. Corresponding with the 
encode function, there is a decode function to decode the received data. The decode 
function will make data readable so that it can directly show on clients’ devices.  
 
There is a client-side user interface for customers checking the current number and 
information of the service points. To make the application more user-friendly and easy 
to use, a big current number is displayed at the centre of the device. On top of the de-
vice there is service point name and current time. All the web application codes are 
written by HTML5 to make it a responsive web design application.  
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4 Business plan and implementation 
4.1 Overview of the business plan 
 
The remote queue management system is applicable around the world, and the ulti-
mate goal is to sell the service to the business sector as well as the consumer sector. 
To achieve this goal, there are several steps needed to be considered first.  
 
The project has used the lean start-up principle in order to prove the value of the pro-
ject and determine the customers. All three main customer segments are applicable for 
our business: business to business (B2B); business to government (B2G) and business 
to consumers (B2C). The first step is to sell the service to businesses, secondly to 
government-owned companies, and later on we will develop an advanced service to be 
marketed directly to consumers. For smooth business communication purposes, the 
project has registered a company name ‘Qer’. 
 
4.1.1 Lean start-up implementation 
 
The lean start-up method helps saving costs and validating the idea, which has the 
market value. Instead of making the product directly, the idea was first tested according 
the lean start-up method. First the idea was drawn on the paper, which is a kind of a 
simple user interface for the client-side users. Then a survey was made face-to-face to 
end-user customers by showing them the user interface on paper and explaining how 
the web application works.   
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Figure 13. First version of user interface 
 
The survey also asked clients’ willingness to use the application and the price they 
want to pay for the application. According to the survey, 91% of the respondents want-
ed to use this web application if it was available. In addition, even 57% of respondents 
wanted to pay for the service. Besides that, surveys were also given to the staff at 
some service points and feedback of this product was asked from them. All of them 
agreed with this idea, and they thought this product would improve their quality of ser-
vice. All results above proved that the idea of the remote queuing system was worthy 
and acceptable by customers. 
 
4.1.2   Business plan 
 
By surveying customers’ opinions on queuing times, the team figured out that service 
providers were expected to give fast customer service, but they were lacking the 
means for it. By using the segment business to business (B2B) services, we would be 
able to create a sustainable and growing source of revenue as we could either charge 
a monthly service fee that would covers the maintenance and use of service, or a fee 
that would covers only the use of service. The B2B product was fairly easy to imple-
ment for Qer. As the idea and need for the service was clear for the businesses and 
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the consumers, Qer was able to launch the application and hopefully start making rev-
enue fast. Customers in the B2B sector are all offices, banks, shops, etcetera that ex-
perience queues. The most obvious ones are operators, banks, post offices and phar-
macies. The remote queue management system is also applicable for stores, cafete-
rias, restaurants and airports. 
 
The government seems to be the elephant in the room. Consumers are crying for help 
in the government sector; there are big problems with huge queues. Customers have to 
queue for hours at tax-offices, health-care centers, Kela-offices and the like.  It seems 
like the perfect starting point, but business-wise, it will take time to get the Elephant 
moving, due to a slow decision making process. This is why the government is only our 
second target for implementing the service. When the company will get deals with gov-
ernment-owned places, a large share of the market will be covered and easy to apply it 
after implementing it in one government owned place. 
 
After surveying the queuing problems and expectations, this was a surprise that con-
sumers would be willing to pay for the service as well. Moreover, they were willing to 
pay for our application above the average price compared to the application prices in 
general. As soon as the business is in a growing position, the company will implement 
the service application for consumers, and with more features than the web-based ser-
vice.  B2B product development and sales will gain good market data. It is easy to tar-
get the application for a range of consumers and get extra revenue from this huge mar-
ket. The consumer pays once for the service, when they purchase the application, and 
the use of this service is free for the consumer. Businesses pay for the application 
maintenance and development fees. The company gets more pleased customers by 
creating extra value for the consumer with the application. 
 
Besides that, there are countries that are experiencing a lot more problems with queu-
ing than Finland. Obviously countries and cities with huge populations have more plac-
es where long queuing times are a huge problem. For example, in Brazil, there are 
professional “queuers”, who queue for money, because the waiting times are ridiculous. 
In China, The Bank of China has developed a text message service for customers so 
they will not need to wait inside, because the waiting times are very long. The problem 
with this service is accuracy, but it shows there is a real problem with queues, which 
needs to be solved. Finland may not have a huge market for this queuing service, but it 
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provides good start-up opportunities and a platform. For this reason, Finland will be the 
first product test place.  
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5 Testing and results 
 
5.1 Application testing 
 
In order to test the application both on the server-side and client-side, the experiment 
should be simulating a real queuing case. First, the administrator should create a ser-
vice account on the service point management system on the server side. The account 
should contaat the service point name and unique ID, which is shown in figure 14. 
 
 
Figure 14. Service point management system 
 
After creating the account of the service points, the testing used the first account on the 
device list to test the web application. The second step was to simulate how the staff at 
the service point would send the current number to server-side and at the same time 
the customers used their phone to monitor the number change in realtime. To verify the 
number changing in realtime, the service point side first made a connection with the 
server and sent a number and the corresponding device name to the server as figure 
15 shows. 
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Figure 15. Sending a new current number 
 
After sending the current number to the server, it was time to use the mobile device to 
monitor the number and test whether it was changing properly in real-time. 
Figure 16. Client side user interface 
 
33 
 
Scanning the QR code corresponding with the web application was automatically gen-
erated when the administrator created an account for the service point. The device was 
directed to the client-side web application, and the customer could use this page to 
check the current number in the queue.  
5.2 Business testing 
 
There are many competitions and exhibitions for start-up companies conducted in the 
Helsinki area. They provide opportunities for customers to learn about this product and 
also to push this product to the market. The project and business idea were first proved 
in the Business Competition Model and won the second prize. It also proved that the 
method of lean start-up is an effective way for saving the cost and finding out the prob-
lems of the project. Moreover, the project was taken into the JA-start up competition 
and was awarded the first prize and 15,000 euros as the company’s initial funding. 
 
The project has been taken to several telecommunication operator service points (e.g. 
Sonera, Elisa) for testing and getting feedback. Telecommunication operators are in-
terested in this project and willing to cooperate with Qer. The price of the service is still 
under negotiation between Qer and the telecommunication operators. 
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6    Discussion 
 
6.1 Technical problems and solutions 
 
There has been a connection problem caused by the websocket protocol. Because the 
websocket is a new protocol and technology, it does not yet work perfectly on all 
browsers. Although it can send data in realtime and costs less bandwidth, it is however 
not stable on some non-mainstream browsers. As tested with some browsers, the 
number does not change in realtime. Another example problem is testing with a mobile 
the case when the customer puts the phone in the sleep mode and awakes the phone 
again. Then disconnection situation will occur.  
As this problem does not happen too often, the reconnection function can solve it. 
However, it is not a particularly smart solution, and it will also consume memory usage 
of the suitable browser. Designing a header to test the type of browsers and loading 
different codes on the page will solve this problem. 
 
6.2 Business problems and solutions 
 
The remote queuing system is an improvement of the current queuing systems. The 
service points prefer to update their current ticket machines instead of buying a totally 
new machine again. On the other hand, this will causes a business problem. The staff 
working at the service point will push the current number to the server. That means the 
computer in the servers point have to push the current number to our server. However 
the rights of the computer at the service points belong to the current queuing service 
company. In the Finnish market, there are mainly two queuing service companies: 
EWQ and Qmatic. EWQ is a smaller one, established in Espoo. The team tried com-
munication with EWQ about sharing the queuing number data. However, most of their 
queuing machines are quite old, and it is impossible to connect with the internet. If we 
want to receive their data, we will have to buy internet models from EWQ and plug 
them on the ticket machine. However the model is really expensive. Until now the team 
is still negotiating with EWQ about sharing the data.  
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7 Conclusion 
 
Customers are increasingly eager to use mobile devices to deal with various kinds of 
everyday issues and problems. A long queuing time is a real-life problem, which fre-
quently irritates people. Customers expect a fair queuing system, but on the other hand 
they also want to have a less waiting time system. The waiting time also means 
wasting time in some occasions.  
 
The goal of this project was to create a remote queuing system, which would allow cus-
tomers to do multitasking while they are queuing. The system will make customers free 
to leave from the service point and reduce the queuing time at the service point. The 
project on the technical side is fully functional. However, this is not entirely a technical 
project, as the project has ramifications on people’s daily lives. The project involves a 
number of business issues, as well. It should benefit both the service provider and the 
end-use customer.  
 
For future development, the system will be more customized. Customers would save 
their particular queue numbers in their mobile devices. In addition, customers can store 
the receipt of the queuing number by taking a photo with this application. The applica-
tion will read the photo of the queuing number and when only a few people are before 
in the queue, the application will send a notification. All the designs and improvements 
to the application will make people’ s lives easier and more convenient.  
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